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Field of the Invention 
5 . This invention relates to txinable lasers and a method to 
coitpensate for the degradation of the tunable lasers. 
This invention specif iqally relates to a method to detect 
changes in the structure of the laser which may lead to 
changes in the output performance of the laser and a 
10 method -to compensate the control information to 

compensate for these effects so that the output of the 
laser remains constant despite the degradation. . . 

Background to the Invention 

15 Multi section laser diodes are well known in the art and 
can be switched between different wavelengths . . Typically 
the diode is calibrated at manufacture to determine the 
correct control currents that should be applied to the 
laser so as to effect the desired output frequencies from 

20 the laser. Degradation in a tunable laser is normally due 
to dislocations or changes in the material structure of 
the laser which leads to less injected carriers entering 
the cavity of the laser and instead passing ' through the 
regions surrounding the cavity. These injected carriers 

25 that no longer enter the cavity have the effect of 

reducing the efficiency of the laser as these carriers 
can no longer contribute to . changing the output of the 
laser. 

30 . 

One of the first known multi-section laser diodes is a 
three-section tuneable distributed Bi^agg reflector (DBR) 
laser. Other types of multi-section. diode lasers are the 
sampled grating DBR (SG-DBR) , the superstructure sampled 
35 DBR (SSG-DBR) and the grating assisted coupler with rear 
sampled or superstructure grating reflector (GCSR) . A 
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review of such lasers is giv^n in Jens Buusr Markus 
Christian Amanjir ^^Tuneable Laser Diodes'^ Artect HousBr 
1998 and ^^Wldely Tuneable Semiconductor Lasers'^ ECOC^OO, 
Beck Mason. 

5 

Figure 1 is a schematic drawing of a SG-DBR 10. The laser 
comprises of back and front reflector sections 2 and 8 
with a intervening gain or active section 6 and phase 
section 4. An anti-reflection coating 9 is usually 

10 provided on the front and rear facets of the chip to 

avoid facet modes. The back and the front reflector take 
the form of sampled Bragg gratings 3 and 5. The pitch of 
the gratings of the back arid front reflector vary 
slightly to provide a Vernier tuning effect through 

15 varying the current supplied to these sections. The 

optical path length of the cavity can also be tuned with 
the phase section^ for exaniple by refractive index 
changes induced by varying the carrier density in this 
section. A more detailed description of the SG-DBR and 

20 other tuneable multi-section diode lasers can be found 
elsewhere Jens Buusr Markus Christian Anann, ^^Tuneable 
Laser Diodes'^ Artect House ^ 1998. 

As detailed above such tunable semiconductor lasers 
25 contain sections where current is injected to control the 
output frequency, mode purity and power characteristics 
of the device. Various applications in 

telecommunications /sensor fields require that the laser 
can operate at points in a predetermined 

30 frequency/wavelength grid; moreover many applications 
require the power output of the device to be within a 
defined tolerance for each operating point, and in 
general, the operating points must be distanced from mode 
jimips and have high side-mode suppression. In order to 

35 provide lasers for such applications, eadh individual 
device must be characterised to the desired 
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specification, so there is a corresponding need for a 
system or algorithm to map, the output of the laser over a 
range of operating currents. For characterisation of 
lasers in production environments, sueh a system must 
5 also be fast; reliable aiid automated. 

When the calibration is completed a set of operating 
points are obtained where each operating point 
corresponds to a required frequency of operating of the 

10 laser. As the laser degrades the characteristics of the 
laser will change relative to this set of operating 
points and a method to update the table to take these 
changes into account is required. This invention 
describes a method where this can be achieved. 

15 . 

Object of the invention 

The object of the present invention is to provide a 
method to compensate for degradation in a tunable laser 
20 and ensure its performance by tracking the degradation 
and adjusting the control information accordingly. 

Suitaaary of the Invention 

25 Accordingly the present invention provides a method 

adapted to monitor degradation in tunable lasers and a 
means to adjust the operating conditions of the laser to 
compensate for these effects. This is accomplished by 
performing some measurements of the output of the tunable 

30 laser at an initial setup or calibration procedure. Then, 
by effecting a periodic repetition of these measurements 
and using a comparison .between these two measurements the 
present invention provides for a a compensation factor 
for the operating conditions/ primarily the look up table 

35 of operating points of the laser. 
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These measurements show how much the operating points of 
the laser have drifted over the period since the last set 
of measurements. These measurements typically involve one 
or more of the following steps: 
5 Setting the gain section of the laser to a 

predetermined fixed value 

Setting all the tuning sections currents of the 
laser to zero 

In turn raicp each tuning section from zero to a 
10 specified value and measuring the output power / etalon 
response of the laser during the ramp and setting the 
tuning section, current back to zero. 

By having, each of the other tuning sections at zero while 
15 the measurement is perf orm^d^ this allows degradation to 
be measured independently in each section of the laser. 

After a specified period of time or when some alarm 
condition has been reached tlie measurements specified 
20 above are re-measured and compared to the initial 

measurements. In a first embodiment the location of mode 
jumps in the laser is the key attribute to examine, but 
wavelength and/or other parameters can also be 
considered. 

25 

Osing the embodiment of examination of the location of 
the mode juiaps it will be appreciated that by examining 
the differences in the position of the mode jiimps a 
transform function can be calculated to convert the re- 
30 measured mode jump positions to the same position as the 
initial mode jump positions. 

This transform function is then used to convert the 
lookup table of operating points to adjust them for the 
35 degradation in the laser. 
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• These and other features of the present invention will 
better understood with reference to the following 
drawings • 

5 Brief Description of the drawings 

Fi^re 1 shows a schematic of a Sampled Grating . 
Distributed Bragg Reflector Laser diode (SG-DBR) 
Figure 2 shows a graph of an initial set of measurements 
from the laser showing the results from the front tuning 

10 section of an SG-DBR laser 

Figure 3 shows a graph of a set of measurements from the 
laser after degradation has occurred showing the results 
from the front tuning section of an SG-DBR laser 
Figure 4 shows the measurement in figure 3 overlaid on 

15 figure 2 

Figure 5 shows the measurement ih figure .3 overlaid on 
figure 2 where the data in figure 3 has been converted by 
a transform function so that the position of mode jumps 
overlaps . • , • 

20 

Detailed Description of the Drawing's 

The invention will now be described with reference to 
exemplary embodiments thereof and it will be appreciated 
25 that it is not intended to limit the application or 

methodology to any specific example. The techniques used 
by the method of the present invention are specifically, 
provided to enable the measurement of degradation and a 
means to compensate for this effect. 
30 ' ' ^ 

Initially a set of measurements are performed on the 
laser that show the positions of mode jumps in the laser 
for each section of the laser where the other tuning 
lection currents are set to zero. An example of such a 
35 'measurement output is shown in Figure 2; 
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These measurements are. performed by: 

Setting the gain current of the laser to a specified 
predetermined value. This value may, for example, be 
the average gain current of the operating points in 
5 the lookup talkie. 

Setting the tuning currents of the laser to zero 
Measuring the output power / etalon/ wavelength of the 
laser while the current of one tuning section is 
increased and while the currents in all other tuning 
10 sections is set to zero, and 

Repeating the above measurement for all tuning sections 
of the laser. 

The above measurement provides a first or reference 
15 measurement at time zero wlien no degradation has occurred 
in the laser. This measurement is shown in j^igure 2. 

When degradation has occurred in the laser after a 
specified time of operating, or when some alarm condition 
20 has been triggered the above measurement may be repeated. 
An example of such a measurement set as determined at a 
later period is shown in Figure 3. 

. By a comparison of the reference measurement and the 
25 degraded measurement of each tuning section in turn the 
positions of the mode jt^imps of the laser will be located 
at different currents. This can be seen in figure 4. It 
will be noted that the. figures shown show output power of 
the laser and where there is a juit^ or discontinuity in 
30 the output power of the laser this denotes a mode jump. 

By applying a transform on the degraded measurement the 
locations of mode jumps can be overlaid on the initial 
measurement. This is shown in the example of Figure 5 
35 where the transform takes the following form: 
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Pi (It) is the initial power measurement as a function of 
the tuning current 

Pd(It) is the degraded power mesisurement as a function of 
the tuning current 

5 

The mode jtmps in each measurement can then be located by 
differentiation or some other techniques as will be 
apparent to those skilled in the art. This means that we 
find a set of currents (It) for both measurements where 
10 mode j lamps occur 

(IfOf Iflf If2r If3— • Ifn) 
(laOf Islr Is2/ Is3—I'sni) 

The transform (T) is such that 

^^15 (Ifo^ Ifi^ If2r if3-.- Ifn) T ( (IsO/ Islr Is2r IsB-Isa) ) 

In the example shown in Figure 5 the transform is 
T(It) « a+bit, • ' 

20 And where a and b are constants defining the amount of 
degradation that has occurred. As shown in Figure 5 the 
values of a and b are . 

a«0 • • . 

b«.95 
25 ' 

This corresponds to this timing section requiring 5% more 
current to achieve the same mode jump in the laser and is 
equivalent to a leakage current increasing in this laser 
section. 
30 ' . 

Though the example above shows a linear relationship . in 
the transform T, other forms of this equation can be used 
such as super-linear, n-dimension polynomial, exponential 
or otherwise. 

35 
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One important distinction to mention with this invention 
is that as the other tuning sections have zero current 
there will be no difference in the output of the laser 
due to degradation in these Sections and each section can 
5 be taken independently and its degradation measured. 

This can be explained by the following: 

The aging rate for lasers in general follow the Arrhenius 
relationship according to 

where A.R is the aging rate 
ea is the activation energy 
J is the current density in the material 
k is Boltzmann constant 
15 Tj is the junction temperature 
n is the stress rate exponent 

and where the laser is subjected to stress levels J and 
Tj and where n is the stress rate exponent for the 
current density. Each section can be described by this 

20 equation independently and each section will also have 

different values defining its aging rate. In the current 
invention the aging rate is zero for J=0 implying that 
the aging of the device under operation (after time T) 
can be compared to the device characteristics at time 0, 

25 provided that Jt^O for all t, where Jt is the current 
density for all tuning section of the laser. Therefore 
the aging of one section can be measured independently by 
setting J (the current density^ which is proportional to 
the current) to zero. 

30 

When the transform have been obtained for all tuning 
sections, the lookup table of operating points can be 
transformed using the inverse of the- transform on each 
respective tuning section of the laser. Thereafter the 
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new lookup table has been compensated for degradation in 
the laser*. , 

In a similar embodiment of the above invention a 
5 comparator can be used to obtain the mode jun^s of a 
laser. This is. achieved by setting the comparator to 
transition between high and low when the output power ox 
wavelength or etalon response moves above or below a 
specific value. By setting this value. to the median 
10 between two levels where there is a jump in the response 
corresponding to a mode jump in laser this can be 
detected with the comparator. The advantage of this is 
that it is fast and doesn' t require many analogue to 
digital conversions. 

15 

In another embodiment of the invention degradation can be 
measured while performing switches between two operating 
points from the set of operating points. These, operating 
points m^y be selected as the two operating points with 
20 the largest current difference between them in all 
curccents as . this will cause the most severe thermal 
effect in the laser. 

Then for one of the operating points r normally the one 
25 with the highest currents, a set of operating points is 
obtained in the tuning space about this point. Typically 
this may be a set current that is added and subtracted to 
each of the tuning currents in turn. E.g. for an SG-DBR 
laser this would mean obtaining 6 operating points, two 
30 for each of the three tuning sections. 

The transitions from the first operating point to each "of 
the points about the second operating point are then 
tested. If any of the transitions fail to achieve the 
35 same wavelength as the second operating point that 
transition is adjudged to have failed. 
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By observing which operating points have failed we obtain 
a vector for adjustment of the second operating point. By 
adjusting all the operating points in the table using 
this vector the degradation in the device can be 
compensated out of the performance of the laser. 

Other embodiments of this invention include mlethodjs to 
blank the output of the device while the above 
measurements are being performed. In one embodiment the 
laser may have a SOA (Semiconductor Optical Amplifier) 
but coupled to the output of the laser. This section can 
be negatively biased or otherwise to make it lossly and 
hence reduce the output light from the laser. Other 
sections such as EA (electro absolution) modulators can 
also perform a similar effect. Also in another embodiment 
the phase section or other tuning sections can be used as 
a photo-detector to monitor the mode positions or output 
characteristics of the laser while the other section 
currents are varied. This means that if the output o£ the 
laser is disabled through use of an SOA or othesrwise the 
measurements can be performed therefore the output of the 
laser will not interfere with the system it may be 
connected to. 

It will be appreciated that the present invention 
provides an efficient manner to effectively compensate 
for degradation in performance of a laser diode. Although 
it has been described with reference to an exemplary 
embodiment, it will be appreciated that it is not 
intended to limit the present specification in any manner 
except as may be necessary in the light of, the appended 
claims. 
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Claims 

1} A method of measuring the degradation in a tunable 
5 laser by: 

a. performing a first set of initial measurements 
on the laser to provide a reference set of 
measurements corresponding to the performance 
of the laser when no degradation has occured, 
10 b. performing a second set of measurements on the 

laser where some degradation has occurred, and 
c. effecting a comparison of the first and second 
set of measurement so as to provide a measure 
of the degradation in the laser. 
15 . ' . 

2) The method as claimed in bl^im 1 where the first set 
of measurements is provided by one or more of the steps 
of: 

setting the gain current of the laser to a 
20 specified predetermined value, 

setting the tuning currents of the laser to zero, 
measuring the output power / etalon/ wavelength of 
the laser while the current of one tianing section 
is increased and while the currents in all other 
25 tuning sections is set to zero, and 

repeating the above measurement for all tuning 
sections of the laser. 

3) The method as claimed in claim 2 wherein the 

30 predetermined specified valued of the gain current 

selected is the average gain current of the operating 
points in a lookup table corresponding to the laser. 

4) The method claimed in any preceding claim wherein 
35 the second set of measurements is provided by one or 

more of the steps of: 
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setting the gain current of the laser to a 
. specified predetermined value, for exairqple the 
average gain current of the operating points in 
the lookup table, 

setting the tuning currents of the laser to zero, 
measuring the output power / etalon/ wavelength of 
the laser while the current of one tuning section 
is increased and while the currents in all other 
tuning sections is . set to zero, and 
repeating the above measurement for all tuning, 
sections of the laser • 

5) The method as claimed in any preceding claim 
wherein on comparison of the first set of iaeasurements 
with the second set of measurements by comparing 
wavelength or etalon responses the degradation of the 
device can be measured* - 

6) The method claimed in claim 1 where the positions of 
mode jumps in the two sets of measurements are compared 
and a transform is obtained where the mode jiuaps from 
the second set of measurements can be trains formed to 
the same currents as the corresponding mode. jumps as. 
detejnained from the first measurement. 

7) The method as claimed in claim 6 further comprising 
the step of converting the operating points of a 
tunable laser by this transform to obtain a new set of 
operating points where the new set of operating points 
is compensated for degradation in the laser. 

8) The method claimed in claim 1 where the sescond set 
of measurements is provided by one or more of the steps 
off 

locating a subset of mode jumps from the first 
measurement set, and . 
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re-measuring th€i region around each of these mode 
juiiqps in the same manner as the first set of 
measurements. 

9) A method of compensating for a degradation of a 
laser dipde comprising the steps of: 

monitoring transitions between two operating points 
of a laser while varying the currents of the second 
operating pointy 

determining when a transition from a first 
wavelength to an operating point about the second does 
not correspond to a wavelength of the second operating 
point and then " applying a fail status to this 
transition^ and 

using the location of the nearest failed operating 
point about the second operating point to provide a 
vector of the degradation of the laser. 

.10) A method as claimed in claim 9 where the vector 
obtained for the degradation of the device can be used 
to adjust all the operating points of the laser to • 
compensate for degradation in the laser. 

sped 124 
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